Objective: To investigate the effect of primary site surgery (PSS) on elderly patients (≥65 years) with pancreatic neuroendocrine tumor (pNET) distant metastasis. Patients and methods: We reviewed Surveillance Epidemiology and the End Results database for elderly patients with distant pNET from 1973 to 2015. The variables and survival outcomes of patients with PSS were compared with that of patients with no PSS. After propensity score matching, the survival outcome was compared again between the two groups. Multivariable Cox proportional hazard model was used to identify variables associated with cancer-specific and overall survival. Four sub-groups were divided according to the age and differentiation: 1) age 65-74 years+ well or moderately differentiated; 2) age ≥75 years+ well or moderately differentiated; 3) age 65-74 years+ poorly differentiated or undifferentiated; and 4) age ≥75 years+ poorly differentiated or undifferentiated. Cancer-specific survival was compared between the patients with and without PSS in the above each group.
Introduction
As a rare neoplasm, pancreatic neuroendocrine tumor (pNET) originates from pancreatic neuroendocrine cells and may occur in various organs, including lung, gastrointestinal tract, pancreas, etc.
1,2 pNETs represent approximately 7% of all NETs and account for 1-2% of all pancreatic malignancies. [1] [2] [3] Over the past several decades, the incidence of pNET has been increasing in the United States. 4 pNETs have great variance in biological behavior. Most of the pNETs have low malignant behavior and slow growth rate, but some of them possess high ability of invasiveness. 5 Up to 60-80% of patients develop distant metastasis during the course of this disease. 6, 7 Based on the data from Surveillance Epidemiology and End Results (SEER) database from 1973 to 2015 in the current study, 50.0% of the pNET patients (4212/8422) were distant metastasis at the first diagnosis. Previous studies have revealed that the presence of distant metastatic is one of the strongest predictors for patients' survival. The 5-year survival rate (13-54%) was significantly worse than patients without liver metastasis (75-99%). 8, 9 Distant metastatic pNET requires systematic treatment, which includes somatostatin analogs (SSA), molecular targeted therapy, chemotherapy, peptide receptor radionuclide therapy (PRRT), etc. 10 Previous studies have indicated that the primary site surgery (PSS) can improve the survival of patients with distant metastatic pNET. 11, 12 With the aggravation of social aging, the number of elderly cancer patients is increasing gradually. Elderly patients account for a considerable proportion of cancerous cases. 13, 14 In the current study, elderly patients (≥65 years) account for 40.7% (3431/ 8422) of all pNET patients between 1973 and 2015 in SEER database. In the distant metastatic cases, elderly patients (≥65 years) account for 41.4% (1743/4212) in SEER database. The elderly patients have special physiological and pathological characteristics, such as more complications, poor tolerance to surgery, and high mortality after surgery. 15 Is it justifiable to perform the PSS in elderly patients with distant metastasis of pNET, which is seldom elucidated in the existing literature. We performed a study solely focusing on the elderly patients (≥65 years) with pNET distant metastasis based on the SEER database, to investigate the effect of PSS on elderly patients with pNET distant metastasis.
Patients and methods

Patient demographic and clinical data
We queried SEER database for patients with pNET from 1973 to 2015, using SEER*Stat software version 8. 
Patient data collection and outcome measurement
We collected patients demographic and tumor characteristics concerning age, gender, race,primary site of tumor, histological grade, year of diagnosis, tumor size, PSS, marital status, survival months, SEER cause-specific survival, and overall survival. Cancer-specific survival was defined as the duration from diagnosis to death attributable to the pNET. Overall survival was defined as the duration from diagnosis to death from any cause.
The variables of patients with PSS were compared with that of patients with no PSS. The overall survival and cancer-specific survival were also compared with logrank test between the two groups before and after the propensity score matching of the variables. The primary survival outcome measure was cancer-specific survival. Multivariable Cox proportional hazard model was used to identify variables associated with cancer-specific survival and overall survival before and after propensity score matching.
In order to further study the effects of PSS on different age and differentiation group, patients were further divided into four sub-groups: 1) age 65-74 years+ well or moderately differentiated; 2) age ≥75 years+ well or moderately differentiated; 3) age 65-74 years+ poorly differentiated or undifferentiated; and 4) age ≥75 years+ poorly differentiated or undifferentiated. Cancer-specific survival was compared between the patients with PSS and the patients without PSS using Kaplan-Meier survival analysis with log-rank test and multivariable Cox proportional analysis in the above each group. The cutoff value of age was identified by X-tile. 16 The data accessed from SEER are freely available. This study does not contain any studies with human participants or animals performed by any of the authors. In addition, according to the guidelines of the government of the United States, data released through the SEER database donot require informed patient consent.
Statistical analyses
A two-sided p<0.05 was considered statistically significant and the analyses were performed by IBM SPSS Statistics 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism version 7.0 (GraphPad Software, USA). Pearson and Fisher chi-square tests were performed before and after PSM to compare the characteristics of patients with and without PSS. To balance the potential baseline confounding variables between the two groups, a propensity score matching method was performed by the "MatchIt" R package and the "nearest neighbor matching" method (ratio=1:1). Kaplan-Meier survival analysis with a logrank test was performed to plot survival curves and to calculate the cancer-specific survival and overall survival rate. Multivariable Cox proportional hazard model was used to identify variables associated with cancer-specific survival and overall survival before and after propensity score matching. HRs were presented with 95% CI.
Result
Patient clinico-pathological features
A total of 210 patients were finally confirmed after screened out the unqualified patients. Of which, 148 elderly pNET patients with distant metastasis did not undergo PSS, while 62 patients underwent PSS. Being female (p=0.049), locating on body/tail of pancreas (p=0.006), and histological grade of well or moderately differentiated (p=0.032) were more likely received PSS (Table 1) . After propensity score matching, all variables were comparable between the two groups ( Table 1) .
Logistic regression analysis of characteristics associated with elderly patients (≥65 years) who underwent PSS
The univariate regression analysis for PSS was performed to patients with age ≥65 years ( Kaplan-Meier analysis with log-rank test, and multivariable Cox proportional hazard analysis before propensity score matching and after propensity score matching
The Kaplan-Meier analysis with log-rank test proved that PSS in distant metastatic pNET patients with age ≥65 years had better cancer-specific survival and overall survival both before and after propensity score matching ( Figure 2 ). Multivariable Cox proportional hazard analysis was performed for all 210 patients before propensity score matching. Histological grade of poorly differentiated/ undifferentiated was risk factor for both overall survival (HR: 3.062, 95% CI: 2.118-4.425, p<0.001) and cancerspecific survival (HR 3.641, 95% CI 2.351-5.640, p<0.001), and PSS was proved to be protective factor for overall survival (HR: 0.392, 95% CI: 0.252-0.612, p<0.001) and cancer-specific survival (HR: 0.362, 95% CI: 0.206-0.637, p<0.001) (see Table 3 ). After propensity score matching, multivariable Cox proportional hazard analysis was performed for 124 patients. Histological grade of poorly differentiated/undifferentiated was also proved to be risk factor for both overall survival (HR: 4.020, 95% CI: 2.203-7.336, p<0.001) and cancer-specific survival (HR: 6.574, 95% CI: 3.261-13.251, p<0.001), and PSS was also proved to be protective factor for overall survival (HR: 0.212, 95% CI: 0.125-0.360, p<0.001) and cancer-specific survival (HR: 0.210, 95% CI: 0.110-0.403, p<0.001). (See Table 4 )
Kaplan-Meier analysis with log-rank test and multivariable Cox proportional analysis for sub-groups of elderly patients with pNET distant metastasis
Cases with PSS had a cancer-specific survival advantage comparing with cases with no PSS in the sub-group of 1) age 65-74 years+ well or moderately differentiated (p<0.001) ( Figure 3A ). However, no differences were observed regarding cancer-specific survival in the subgroups of 2) age ≥75 years+ well or moderately differentiated (p=0.229) ( Figure 3B ), 3) age 65-74 years+ poorly differentiated or undifferentiated (p=0.237) ( Figure 3C ), and 4) age ≥75 years+ poorly differentiated or undifferentiated (p=0.655) ( Figure 3D ). Multivariable Cox proportional analysis was performed for the four sub-groups, and PSS was an independent protective factor only in cases with age of 65-74 years and well or moderately differentiated tumors (HR 0.142, 95% CI 0.053-0.379, p<0.001) (supplemental materials).
Discussion
Patients with distant metastasis of pNET are often treated with comprehensive therapy, including SSA, molecular targeted therapy, chemotherapy, PRRT, etc. 10 Many studies advocate PSS in the setting of metastatic pNET for reasons that PSS can improve the control of endocrine-related symptoms, relieve the symptoms of compression and may prolong the survival time of patients. 11, 12, 17, 18 However, with the increase of the elderly population, there is still few clinical evidence on the suitability of the elderly with metastatic pNET to accept PSS. The elderly patients usually have a higher incidence of comorbidities, such as chronic obstructive pulmonary disease, hypertension, coronary artery disease, and diabetes mellitus, which may increase the death rate and reduce the possibility of receipt of endocrine therapy, chemotherapy, targeted therapy, and surgery. 15 Given the absence of clinical evidence, the study focusing on the suitability of PSS for elderly patients with metastatic pNET is necessary.
In the current study, female patients are more likely to receive PSS, which may be associated with fewer comorbidities in elderly women. There are more tumors receiving PSS in the body/tail of the pancreas than in the head of the pancreas. This may be related to the fact that the complexity of surgery of pancreatic body/tail is less than that of the surgery of pancreatic head. After all, the tumors locating on the head of pancreas need pancreaticoduodenectomy, whereas the former only needs the resection of pancreatic body and tail. In addition, it is not surprising that poorly differentiated and undifferentiated tumors are less likely to undergo surgery than well-differentiated tumors, because the patients with poorly differentiated and undifferentiated tumors have worse prognosis and are more likely receiving conservative treatment options. However, the rate of PSS in the greater elderly patients (≥75 years) is not different from that in the elderly patients (65-74 years) (see Table 2 ).
Both before and after propensity score matching, tumor histological grade of poorly differentiation and undifferentiation is an independent risk factor for overall survival and cancer-specific survival, whereas PSS is an independent protective factor (see Tables 3, 4 and Figure 2 ). Then, in order to further explore whether elderly patients with metastatic pNET are suitable for PSS, a further sub-grouping of age and Cancer-specific survival (months) 50 60 Figure 2 Overall survival and cancer-specific survival in elderly patients (≥65 years) with metastatic pNET who underwent primary site surgery (PSS) and no primary site surgery (NPSS), before and after propensity score matching (PSM). Notes: (A) Kaplan-meier analysis for overall survival in elderly patients (≥65 years) who underwent PSS and NPSS before PSM; (B) Kaplan-meier analysis for cancer-specific survival in elderly patients (≥65 years) who underwent PSS and NPSS before PSM; (C) Kaplan-meier analysis for overall survival in elderly patients (≥65 years) who underwent PSS and NPSS after PSM; (D) Kaplan-meier analysis for cancer-specific survival in elderly patients (≥65 years) who underwent PSS and NPSS after PSM.
differentiation was performed. The reason for choosing 75 years for further grouping is that WHO stipulates that the older elderly are over 75 years old. 15 In addition, X-tiles are also used to determine the cutoff value of age. From the results of the present study, patients with age ≥65 years with poorly differentiated and undifferentiated pNETs are not suitable to receive PSS. For well and moderately differentiated metastatic pNETs, only those aged 65-74 are suitable for PSS, while those aged ≥75 are not suitable for PSS, because there is no difference in cancer-specific survival between PSS and no PSS patients. The physical condition of the patients with age≥75 years is worse than that of other patients, and their physical state, surgical tolerance, and antineoplastic immunity are decreased. These may be the explanation of the fact that even accepting PSS does not improve cancer-specific survival for cases with age ≥75 years and histological grade of well and moderately differentiation. It should be pointed out that selection bias may exist in the present study. Firstly, patients who have not undergone surgery may be too ill to perform surgery. Secondly, it is impossible to determine whether the two groups are completely balanced in other treatments (such as SSA, chemotherapy, molecular targeted therapy or PRRT, etc.) due to the lack of other treatment information. In addition, there are other limitations that need to be addressed. First, there is a lack of information related to surgery. We can not obtain the duration of surgery, blood loss, complications, and so on. Secondly, the number of patients administrated in the study was relatively small, especially after further divided sub-groups. Thirdly, we can not know the exact reason for the surgery due to the lack of relevant information.
Judging from the common sense, patients undergoing surgery should be in better physical conditions and are more likely to receive a variety of treatment options. The no prolonged survival time after surgery may be more indicative of the ineffectiveness of PSS for these patients. Patients in the three sub-groups (age ≥75 years+ well or moderately differentiated, age 65-74 years+ poorly differentiated or undifferentiated, and age ≥75 years+ poorly differentiated or undifferentiated) did not have a better prognosis after surgery, which suggests that patients of these three sub-groups are less likely to benefit from Table 4 Multivariate regression analysis of characteristics for survival in elderly patients ( PSS. Patients in the sub-group of age 65-74 years+ well or moderately differentiated achieved a prolonged survival after surgery. However, given the possible existing selection bias, the prolonged survival after surgery may not be entirely attributed to surgery. Careful evaluation should be performed before surgery and various treatment options should be in consideration. In a word, the results of this study have some implications for the treatment of these patients, but prospective randomized controlled studies are still necessary for concluding a decision of surgery.
Conclusion
Not all elderly patients with distant metastatic pNET could benefit from PSS. Patients aged 65-74 with well or moderately differentiated tumor may benefit from primary lesion surgery, but should be evaluated carefully and in consideration of various treatment options. Patients aged ≥75 years with well or moderately differentiated tumor, and patients aged ≥65 years with poorly differentiated and undifferentiated tumor may not benefit from PSS. Prospective randomized controlled trials are worth performing.
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